We reported previously the clonal isolation in normal rat kidney (NRK) cells of two variants of mouse sarcoma virus (MSV) from the Moloney sarcoma-leukaemia complex (MSV-MoLV) (Somers & Kit, 197I). One isolate (MSV-I) has a restricted host range, is capable of transforming NRK cells, but cannot replicate infectious progeny virus. The other isolate (MSV-6) is incapable of either transformation or replication in any cell tested. Recently, it was reported that non-infectious Rous sarcoma virus [RSVo~(o)] was deficient in RNA-dependent DNA polymerase activity, but conflicting evidence was reported for DNAdependent DNA polymerase (Hana fu sa & Hanafusa, 1971 ; Robinson & Robins on, 197 I). We examined both DNA polymerase and endonuclease activities in purified particles of MSVMoLV, MoLV, andin the two clonal isolates, MSV-I and MSV-6. All preparations contained similar levels of endonuclease activity. However, the DNA polymerase activities of MSV-r and MSV-6 were 25 % and 3 %, respectively, of the activity found in MSV-MoLV or MoLV.
Short communications
Viruses treated with NP-4o were assayed for DNA polymerase activity as described in the text in the presence or absence of 4o #g. of native salmon sperm DNA. All values presented have a blank value of o.2 subtracted. The specific activity of the polymerase preparations was only IO % of the indicated values when the virus was not treated with NP-4o, or when either MgSO4 or one of the unlabelled deoxynucleoside triphosphates was omitted from the assay mixture.
:~ Cellular material from uninfected NRK cells banding at a density of I' 14 g./cmz in sucrose (see Somers & Kit, I97D. Table ~ shows representative assays of DNA polymerase activity for various virus preparations. In a range of 5 to 6o/zg. of virus protein, the incorporation of [3H]-TTP was proportional to the amount of virus. Native salmon sperm DNA served as a template as shown by a marked increase in the incorporation of [3H]-TTP by the virus particles. The endogenous polymerase activity of all virus particles was decreased more than 7o % by exposure of NP-4o-treated virus particles to pancreatic ribonuclease (75o/zg./ml. for I hr at o °) and suggested that RNA was the endogeneous template in the virus particles. Virus particles of MSV-~ and MSV-6 were deficient in the enzyme activity relative to MSV-MoLV or MoLV (based on protein levels) whether assayed in the presence of endogenous virus RNA or exogenous salmon sperm DNA templates. Virus particles of MSV-~ contained approximately 25 %, and of MSV-6 only 2 to 3 %, of the DNA polymerase activity found in virus particles of MSV-MoLV or MoLV. Assays of DNA polymerase activity using mixtures of virus particles of MSV-MoLV and MSV-I or MSV-6 demonstrated that virus particles of MSV-I and MSV-6 contained no inhibitors of MSV-MoLV DNA poIymerase activity (Table 0 . However, this did not eliminate the possibility that the defective particles contained a non-functional DNA polymerase.
Endonuclease activity of the purified virus was measured by the conversion of superhelical Form I SV4o DNA to open-circular Form II SV4o DNA. Fig. I a shows the profiles of SV4o DNA on CsC1-EtBr density gradients before and after treatment with MSV-MoLV endonuclease. Fig. I b shows the velocity sedimentation in neutral sucrose gradients of SV4o DNA before and after treatment with MSV-MoLV endonuclease. Endonuclease treatment converted the 2i s superhelical DNA to DNA sedimenting at about I6 s. Table z Somers & Kit, 1971) .
The origin of the endonuclease activity in the virus preparations is not certain. NP-4o disruption of frozen virus particles is not required for the detection of endonuclease activity. Furthermore, cellular material from uninfected NRK cells which banded at a density of I"14 g./cm? in sucrose gradients contained endonuclease activity at levels comparable to those for virus preparations banding at z.I6 g./cm? (MSV-I, MoLV, MSV-MoLV) or I.I8 g./cm? (MSV-6). From these findings it is likely that virus preparations contained contaminating cellular endonucleases, and any demonstration of endonuclease as a virus component requires further studies with purified virus. The inability to detect acid soluble radioactivity during the endonuclease assay indicated that the preparations contained negligible exonuclease activity.
Our results demonstrate that clonally-derived MSV, defective either in replication or in transformation and replication, may be deficient in DNA polymerase activity. This observation has also been made for the indigenous hamster C-type virus (D9) present in spontaneous transplantable malignant lymphoma (Stenback, van Hoosier & Trentin, 1966 , 1968 . This hamster D 9 virus is non-infectious and is deficient in DNA poiymerase (J. May, K. Somers & S. Kit, unpublished) . Our findings suggest that DNA polymerase is essential for cell transformation by MSV and is also required for initiation of infection by leukaemia viruses. Although NRK cells transformed by MSV-I do not produce virus, sarcoma virus can be rescued by superinfection with helper leukaemia viruses (Somers & Kit, I97I) This suggests that helper leukaemia viruses function in the induction of reverse transcriptase activity in MSV-transformed 'non-producer' cells.
The existence of defective sarcoma and leukaemia viruses which are severely deficient in DNA polymerase activity cautions against the use of only the reverse transcriptase assay in the critical detection of cryptic viruses in animal and human cells (Aaronson, Todaro & Scolnick, I971) .
Note added in proof
In the presence of poly rA. oligo dT and poly rC. oligo dG the DNA polymerase activities were increased 5ooo-fold and I2oo-fold, respectively, over the endogenous activity. Nevertheless, deficiencies similar to those shown in Table I were observed for enzyme activity of MSV-1 and MSV-6 particles. In the presence of rA. oligo dT, the assay was modified by the addition of 12 #mole KC1 and 0"04/*mole MnC12 replaced MgSO4.
